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RES Uf\ IE . - Les T c nebrio nid es d u ge nre LeJ'idochoru SOill des J'ouisseurs h l·pc rpsam nw ­

phil es de s dun es de sa ble tlu dese rt d u Nam ib . / .. discoidulis es t surtout con fine su r Jcs 

pe n tes sous Je ven t (avala ncheuses) des d un es. OLI s·acc umul e nt Jes deb ris vegetaux tr a nspo r­

tes par le ve nt. et OLI se tro uv e Je sa ble Je p lus fin (0. 125 it 0.1 XO mml. le mieu x tri c e t Je 

p lu s meuble . T o ute fo is. dans les expe riences de choix effectuces a u labo rato i1·c avec cles 

sab les ta mise s, L . disco iduli s s·e n fou it de p1·eference dans du sable de 0.045 a 0,090 nun . II 

y a done un desaccord en u·e ce pr efe ,·endum mesurc exrer im en ta lemcl ll et Ia granulometrie 

du sa ble nature! . Le choi .x ci'un sut>su·at pour l'enfo ui sse ment se fait vJ·aisemblablement Sill' 

c ril e re mecan iqu e. 

ABSTRACT. -- Th e Ten eb rio ni cls o f the genus LeJJidncltr!l'u arc ulirapsammoph ilous dig­

ge rs li vi ng in th e sa nd dune of th e Na m ib Desert. L. diswida/is is mainl y confi ned to the 

leewa rd s lop es (slip-f aces) o r th e dune s. Here \\ ' ind -bloll'n det rit us aCCllllllli ates. 

a nd the fine st (0 .125 to 0.180 111111 ). the best so rt ed an d the least compact sand is to be 

found. ll owe ver . in mult icho ice expe rim e nt s car r ied ou t in the w ith arti fi c ia ll y 

sorted sa nds. L. discoi dalis is found to r refer d iggi ng in 0.045 to 0.090 mn1 sa nd . Thu s 

ther e is a di sc repa ncy be twee n thi s experimental g1·a in -s izc preferendum. and the sand 

na tu rally avai lab le in th e dune en vi ronm ent. Th e su bsli'a tc se lect ion is ve ry lik e ly to be 

based mainly on mec hani ca l cr ite ri a. 

The Namib is a cool , coast a l desert on the south­

western coast of Africa. A long , narrow dune field 

extends so uth from the vicinity o f tile Curoca Ri1-er in 

Angola to the southern border of SWA /N amibia at the 

Orange River. 

detri tu s as their ma in energy so urce (Koch, 1961. See ly, 

1978) Spe cies of Lepidoclwra a re found through out the 

dune field o f th e Na mib (Koch, 1962 and pers. obs.) and 

form an import a nt co mpon ent of its crepu sc ula r to 

nocturn a l fauna . 

Lepidochora discoidalis Gebien (Syn L. argentogrisea 

Koch) is the most commo n spec ies of thi s gen us in th e 

so uthern dune ecosystem and consequent ly aspects of its 

bio logy have received co nsiderable attent ion. Kuhn elt 

(1969) and Louw a nd Hamil to n (197 2) co nsidered <Icti­

vity rh ythms and th eir rela tio n to temp eratur e, Lo uw 

and Ha milt on ( 1972) a lso co nsidered metaboli c rate. 

Tenebrionid beetle s form a conspic uous part of an 

unusually diverse endemic fauna occupy ing thi s desert. 

They are dependant on fog as a major so urce of mois­

ture (Seely, 1978, 1979) and use wind-blown plant .,_ 
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nutriti o n and diges tio n. uniqu e fog -water up take 

behaviour been inves tiga ted (See ly and Ha milton. 

1976: Seel y, 1979; Seely el a/., in press ). wh ile recentl y 

th e cutic ular lipids of L. discoida/is have been described 

a nd their effect on wa ter loss discu ssed. In thi s paper 

we discuss aspec ts of the digg ing beh av iour o f L. discu i­

dalis and L. Kahani Koch and relate these to th e eco logv 

of the dun es o f the Na mib desert. 

DUNE TRANSECT AND LOCALIZATION OF 

THE LEPIDOCHORA IN THE FIELD 

The slope of a typical dun e is abo ut 5° on th e p linth . 

increa sing to I 5-20° in the w indwa rd side of the cres t 

(Fig. l a). Th e ang le o f repose at about 32° is reac hed in 

the slip-face, w here " the ava lanch ing of sa nd takes p lace 

in a series of. overlapping lobes" (Lanc as ter. 198 1 ). On 

each dun e, there is a decrea se in mea n and moda l g ra in 

size from the base to the crest. with th e fi ne r sa nd o n 

th e slip face (Fig . l b). In accordan ce with Lancaste r 's 

observation s, severa l popul a tio ns of sand grain s ca n be 

observed : a coar se r populati on at the base o f th e dun es 

has a prominent mod e of about 0.355 mm A finer 

popul ation prevail s in the upper part of the dun e w ith a 

mode betwe en 0 . 125 and 0 ,180 mm . Th e sa mpl es taken 

near the interdun e corr idor show a seco nda ry mode 

nea r 0 ,090 mm w hich perh aps cor respond s to a third 

san d gra in pop ula tion . 

The variati o ns o f the so rting ind ex sho w c lear ly that 

th e best so rted sa nd is to be found on th e slip-face a nd 

the leas t so rted o n the interdun e (Fig . l c ). The substrate 

co mpactn ess, measured w ith a pe netrom eter . is minim al 

on th e un sta ble slip-face and max imal on the plinth a nd 

above a ll on the windward side o f the crest (w ind 

comp actio n) (Fig. l d). Du e to a decrea se of w ind spee d 

behind the dune , dry wind-blown plant detr itus acc u­

mulate in the form of cushions o n the lee slope at th e 

base of the uncomp ac ted slip-face (Fig . If) . Thi s w ind 

blow n plant detritu s also accumulates . how ever, at th e 

base of the perennial vegetation which occurs pa tchily 

on the dune slope , where sa nd is gently slopin g and 

relati ve ly stab le. 

Lepidochora discoida lis and L. kahani a re spec ies 

primarily o f the slip-face and ava lanche · base hab itat. 

Th ey a re considered psam mop hyllic digge rs "sw im­

ming " through the un co mpacted sa nd med ium . These 

spec ies are entirely substr ate dep enda nt a nd show ex ten­

sive adap tat io ns for occupation o f th is un co mpacted 

substrate . L. discoida/is are som ew hat more crep uscular 

than L. ka hani but may be active in stro ng wi nds before 

sun set or lo ng a fter sumis e o n slip-faces wh ich a re in 

shado w . Th ey occup y th e activ e slip -face often appa ren­

tly for ag ing o n detritu s as it is being distribut ed by 

wind . L. ka hani are so me w hat larger and alm ost enti­

rely noct urn al during period s of slip- face ac tivit y. The y 

fora ge on th e more co mpact sa nd in the v icinit y o f the 

avalanche ba se or at the mats of detritu s which acc umu­

late ther e (Fig. l g and h ). 

1\ IORPHOLOGICAL FEA TURES 

OF LEPIDOCHORA TENEBRIONIDS 

Th e Ten eb rio nids of the genus Lepiduchora typ icall y 

ha, ·e a d isco idal shape . w hile the body become s progre s­

si\'e ly thinn er at its per iphery. Thi s s hape facilitates 

penetratio n into the sa nd as we ll as change o f direction 

w ithin the subst ra te. Th e body surface is entir ely cove­

red w ith nattened recu mbent setae . Thi s cover ing is 

very dense in L . discoidalis provid ing its typica l g rey 

co lour (Fig. 2a ). It is sugges ted th at these sca les prote ct 

the tegument fro m sa nd abras ion , w hile the lo nger se tae 

pro tec t th e articulat ion bet wee n the pro - and meso tho ­

rax aga inst the intr·usion o f sa nd grains (Fig. 2b). Th e 

lo ng bri stles found under the outer margin of th e elytr a 

see m to keep the sa nd fro m the ventral side of the 

anim al \\' hen it burrows, w itho ut hampering the mov e­

ment s o f th e tibi ae and ta rsi. In thi s way , th e mar gins o f 

the pro no tum and of the elytra shelter th e movement s 

of the legs. as the sa nd is move d backwa rds durin g 

burrowin g. 

Th e fo re-legs are relative ly short : the broad extremi­

ties o f their tibiae bear short but stron g spurs (Fig. 3d 

T he middl e and spec ia ll y the hind-leg s a re lo nger; th e 

tibia l spurs are ver y long, d ig itated and spa tul a -shaped; 

the tarsa l claws a re lon g and slightl y cur ved (Fig. 3d). 

A ll these cha racte rs clear ly represent adap tat ions for 

digging; th e division o f labour betw een the fo re-legs 

sc rapin g th e substra te. and the middl e- and hind-l egs 

swee pin g the sa nd back wa rd and pushing the body 

foreward is typica l. Th e general shap e of th e body is. 

acco rdin g to l\l edvedev (1965) , char ac terist ic o f beetles 

"s w immin g" in th e sand (i .e. digging w ith out co nstru c­

tin g burr ows): a stre a mlined and "drop- shaped " body , 

the pronotum mer ging smoothl y w ith the elyt ra, a sma ll 

head w ith d rawn into the 'thorax so that the eyes a re 

pro tected by the ante rior pronotal angles , prothora x and 

meso thora x broad ly and tightly joined .. 

DIGGING HABITS 

When the an ima l begins to burrow , the fore-legs , 

w hich a re st retche d sideways w hen wa lking, a re 

broug ht back un der th e body. and excava te the sa nd 

un de r the head and the prothorax (Fig. 3a). The a rticu­

la tio n bet wee n th e pro- and meso thorax bends as the 

head is b rought into the depre ss ion exca vated by the 

fo re-legs and. as a result of th e action of the middl e and 

hind-l egs . the head then penetrate s the sa nd. The anten­

nae are draw n back und er th e late ral expansions of the 

prot ho rax. As is a lso obse rved durin g walking , the legs 

of a sn me pnir move sy nchron ously in the opposite 

direc tio n. o ne forewa rd, the ot her backward (occa s io­

nally. the fore-leg s ac t simlult aneo usly to pull the body 

forwa rd). There is no st rict sy nchronism between the 

fo re-a nd hind-l egs of o ne side and the middl e leg of the 

op pos ite side. a lthough the fo re-leg of one side usually 

reac hes its hindm os t positio n ju st a fter the middl e leg of 
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Fig . I . - Diagram showing schematicall y the variati ons o r some ecological parameters along a dune prorile . a. Dune pmrile : b. 
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the sa me side has reac hed its fo remo st position. Th e 

rh ythm of th e hind-l egs is so mewha t slower . The fore­

legs dig tile sa nd and pull it w ithin reac h of the middl e 

legs. Th e sa nd is then mov ed back w ard s by the middl e 

and hind-l egs. th eir tibi al spur s and th ei r tar si ac tin g as 

rakes. beyo nd th e pos ter io r marg in o f the elytra. 

Trac ks made durin g the digg ing process s ho w the 

directi o n o f th e sa nd nows (Fig. 3/) : back war d ex pul­

sio n o f the sa nd by tile legs from tile ventral side. and 

fo rmati o n of a bul ge in front o f, and und er th e pres sure 

o f the prothor ax. As in a num ber of burrowin g beetl es , 

the bend ing-stretchin g movem ents o f the arti culati o n 

bet w een the pr o - an d meso-th ora x 'play an important 

role in tile digg ing process. 

DETERJ\U NATION OF THE GRAI N SIZE PREFE­

RENCE OF LEPIDOCHORA DISCOIDALIS IN 

TH E LA BORA TORY . 

For this experimen ta l stu dy, the mos t abund ant spe­

cies, L. discoidalis, has bee n cho se n. It is easy to keep in 

the lab o ratory w ith adequate food rich eno ugh in w ater. 

Methods: multichoice ex periments 

Th e ex perim ents \Vere co nducted in annul a r inclo­

sure (ex tern al dia met er : 0,16 m ; int ernal diamet er: 

0.07 m ; a rea : about 160 cm 2
) vv ith a I ,7 em deep layer 

o f sub strate . Radial partition s, at the sa me level as the 

subs tr ate surfa ce. div ided the ex periment a l a rea into 3. 4 

o r I 0 equ a l sec tors as required . A translucent plastic lid 

gave a so ftened and non-dir ectionnal light. 

T wo different sedim ents we re used : I) foss il river 

sa nd ex tr ac ted from a sa nd pit. with out org anic matter; 

2) Namib dese rt dun e sa nd , w ithout any visible org anic 

frag ments, but no t sterili sed . Th ese sedimen ts were dry 

so r1ed o n a seri es of s ta nd ard sieves . The < 0,063 mm 

class wa s an a rtifici al silt comp osed of parti cules of th e 

0,063 class (7 5 % ) and finer (25 % ) 

At th e beginning of an experiment, an equal number 

o f anim als we re placed in eac h sec tor . Th e ex periment s 

wer e sta rted in late a ftern oo n . Durin g the night , the 

beetles ex plor ed th e entir e experiment al area , as indic a-

. ted bv trac ks o n the sa nd surface. Nex t day , 16 to 24 

hour ' later. th e beetles, w hich were usually buried , 

were counted fro m eac h substra te . 

Betwee n two ex periment s, the sa nd was remi xed 

within eac h secto r , and levell ed : the animal s w ere retur­

ned to a terrarium with fresh food and a new group 

Fig. 2. - a. DOI'sal v iew o f til e anteri o r half o f til e body 

(scanning electro n mi croscope ph oto ): b. Setae pro tectin g the 

art icul ation betwee n pro - and mesotil o rax ( x 85): c , D etail 

o f setae on the elv tr a ( x 628 ). 
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Fig. 3. - a, Positi ons of the legs o f Lepido chora ka ha11i during digging. dra w n from film and fro m life ( x 5.8). b, Posterior view 

of L . discoidal is; the fol .iowing figures refer to this species ( x 7 .8 ). c. d. Tarsi and tibial extre miti es of the fore (c) and middle (d) 

legs ( x 40). e, Successives stages o f digging . f. Tra cks after digging (illu strated by using white sand covered by a thin layer of dark 

sand) . 
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T able I. - [ xper irnent :tl 

Species Lepiaoclrora discoida/is 

Series I II III IV 

Choice combination A B C D E A B A B B c A C A B c 

Grain size classes (mm) ( 0.063-0.125-0.250-0.5 - 1 0.063-0.125 0.090-0.125-0.250 0.090-0.125 - 0.250 

Substrate River sand (ste rile ) RiYer sand (steril e) Namib desert sand Namib desert sand 

Number of experiments 16 

N, of sectors 10 

N. of animals /experiment 10 

N. of recorded choic es 141 

Dat e April 

- · --

introdu ced. In this manner , 4 series of exper iments were 

carried out with 2, 3 or 5 substrates and 6, 8 or 12 

beetles (Table 1). 

This schedule was adopted for seve ral reaso ns: num ­

ber of avail able beetles , volume of sed iment , testing of 

severa l statistical hypothesis (to be publi shed). 

On the graph, for a given grain size class, the ordi­

nate is proportional to th e probability that th e animals 

burrow into this substrate (Fig . 4a ). The graph s o f the 

different series are fitted together as follow s : let a first 

ser ies be with the substrates A B C, in w hich the proba­

bilities pA, pB1 and pC 1 have been measured , and a 

second series with the substrates B C D and the measu­

red probabilities pB2, pC2 and pD. To draw the graph. 

the values p B1• p C2 and p D are multipli ed by a coefli ­

cient x such as : 

x= 

Results 

P Bl + P cl 

P Bl + P cl 

The low variability of the counts, and the remarkabl e 

concordance between the different series mak e the sta­

tistical examination of the data useless as a first ap proxi­

mation. 

L. discoidalis were found not to burrow into substra­

tes with a grain size over 0,5 mm. Between 0,500 and 

0,090 mm , the graph increa ses logar ithmi ca lly (Fig. 4a) . 

Becau se of the heterogeneous nature of the < 0 .063 mm 

substrate (cf. above), the abscissa of the apex of the 

graph is not known, but estimated to be about 45 11 111 . 

The fact remains that the probability of choice decrea ses 

with the finest substrates . 

Unexpectedly. the increa se of the ra tio: number of 

comp letely buried a nimal s/ n. of compl etely and inco rn-

13 3 X 30 30 

4 4 3 

12 8 6 

85 711 180 

rtby M"y-June May-Jun e 

pletely buried animal s is not paralle l to the increase of 

the probab ility o f cho ice . its max imum being approxi­

mati vely 0 ,125 mm (Fig. 4 b). On the I mm sand, none 

of the beet les man aged to bury itself co mplet ely and on 

the finest subst rate. 72 % o f the anim als are incomp le­

tely buried : in most o f the cases, the extremitie s of the 

elytra is visible. It is to be noted that the grap h is drawn 

fro m the results o f se ries I and II : the low lumin os ity 

. Seri e . I 

, " ,.--- ' \, ' " 
.9 I I \ A 

g_ a ; I \ 

j I \._ 

b 

c l 
I ., 

I l . 
e- ., 

I \ 

/ I I I L I I 0150 °·5 O 0.063 O.LS -<0 063 

Fig. 4 - a. Gra in size-pr eference graph calcu lated fr om the 

results of 4 series of choice experim ents with L . discoidalis 

(o rdinat e: probab ility o f occurr ence in a given substrate}_ b. 

Percentage o f co mpletely buried beetles (8 6 % on 

o = 0. 125 mm ). c . Grain size-frequency distribution of the 

slip - face sand (c( also Fig. I /J) 
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a:1d the relatively temperature may have result ed in 

the high number of inco mpl ete ly buried animals. In 

series Ill and IV, in which the lumin os ity and tempera­

ture were higher , the percentage of beetles which were 

not com plet ely buried was neg ligible. 

A sma ll number of eggs were laid during series III 

an d IV. Th ey were distributed as fo llows: 0 % on the 

0.250 mm sa nd , 80 96 on the 0.125 mm sand. and 20% 

on the 0.090 mm sand. 

DISCUSSION 

On the dune transect (Fig. I), the Lepidoclz ora are 

located on the slip-face, i.e. the area where the finest 

and least compact sa nd is, and where the wind blow n 

orga nic detritus accum ulate. The fact that it is the most 

suitable area both fo r burrowing and for feeding is a 

remarkable co incidence. 

But . if we look more close ly at the particle-si ze distri­

bution grap hs of the dun e sa nd of the slipe-face (Fig I b 

and Fig. 4c), it appears th at th e mo de is between 0.125 

and 0.180 mm . Thus there see ms to be a differen ce 

between the preference of L. discoidalis in the labora ­

tory , and the primiling grain size o f the na tur a l sub­

strate. The beetles occupy a habitat w here the sand 

pa rticules are abo ut three time as large as those se lected 

in the laboratory. Thus, the adaptation of L . discoidalis 

to his natural sub st rate co uld , for digging , be co ns idered 

on ly sub-opt imal. 

However , we must note th at : 

- the nat ura l dun e sa nds have so me sand finer th an 

0.125 mm; this ve ry fine sand, a lth ough not imp ortant 

quantit ative ly, may make the sedime nt easier to burrow . 

- in th e experiments o f se ries I and I I. th e grea ter 

numb er of com plete ly bu ried anim als was not in the 

0.06 3 mm class, but in the 0.125 mm cla ss. The sa nds 

finer than 0,090 may pose a problem of respi ratio n to 

the beetles because o f slowe r diffu sio n of the gas bet­

ween the gra ins. 

- in th e 0.090 - 0.125 - 0.250 experiment s. th e 

grea ter number o f eggs cou ld be expec ted in th e finest 

sa nd ; but actu a lly it is to be found in the 0 125 mm ; 

this may be the resu lt o f a tactile selection by th e 

ovipos ito r. 

These considerations may help to exp lain the obser­

ved differe nce between the grain size preferendu m in 

the labo rat ory and the measurement s in the field . Th e 

adaptation of L. discoidalis to its subs trate is a co mpr o­

mise between several selec tive pressures, some of w hich 

a re contradic tory (Prodon, 1976): the least effo rt , i.e. 

the least energy invested in burrowing , the neces sities o f 

respi ration , the sea rch for food , requirement s of egg­

lay ing. etc. Th e preferendum, wh ich is th e result of 

the se vario us req uir ements, corre spo nds to subst rates 

wh ich a re to be found in str ictl y limit ed areas , i.e. the 

slip-faces o f sa nd dune s. 

AcK :-:0\\'LicDG\IE'I TS. - T he perm iss ion to conduct th is 

study given bv th e Na ture Conservation Departme nt of 
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ca l <1ssistance. 
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